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coctosuua cuctembn He® — He'. B csisn ¢ 3THM 6LIIH NOCTABJEHBl HOBBIE
ONBITHL IO M3MEPEHHIO yNnpyroctTH napa pacTBOpOB, pe3yJ/bTdThl KOTOPBIX
HaNaraloTcsd B HACTOAIUEH cTaThe.

2, Mpu6op U MeTO] H3MEpEHHH

Kak mokasajn npeABapHUTeJbHBIE ONBITH, NPaBUAbHOE H3MEPENHe yIpy-
rocth napa pacrsopos He? B He* BO3MOXHO TOJbKO IPH CO6AI0AEHHH He-
KOTOPHIX NPe0CTOPOKHOCTEH. Haunbonee cylmecTBeHHbIMH 34€Ch ABARIOTCA
CTPOroe TNOCTOFHCTBO TeMOepaTypul H  yCTaHOBJEHHE
paBHOBECHS MeMkAY NapOM M JKHAKOCTBIO. Kpome Toro,
yTo6b KonueHTpauuio He? B XHUAKOCTH MOXKHO OBLIO
cunTaTb PaBHOH KoHuUeHnTpauuu He® B neoxnax AeHHOM
rase, HeOGXOAHMO HCNOAB30BATE MO BO3MOMHOCTH
GONLIIOE KOJMUECTBO XKUIKOCTH, 8 06beM ra3oBoil (hasbi
cBeCcTM mpo MuHHMyMa. Hakomel, HuXe A-TOYKH CyIle-
- EHHYI0 POJIb MOTYT HrpaTh 3¢¢eKT Noa3aHHa MIEHKH
Hell, ¢e ucnapenne ¥ KOHJeHCaUHs OOPa3oBaBUIETOCH
raza. [1oBLIIIEHHOE jaBJeHHe, BO3HHKAIOIee NPy PEKOH-
JACHCALMH, 3aBHCHT OT CKOPOCTH INePeHoca XHAKOTO
reaus N0 TIAEIKe, NPHYeM 3Ta CKOPOCTh 3HAYHTEJBHO
BO3pacTaeT, eCJAH CTeHKH npHGOpa NOKPHITH C.10eM
teepanx npuMeceit [}, T. e. ecam KoHAeHCHpOBaJCA
rpasupii reanfi. Taxkuy 06pasom ra3 meped KOnAeHCa-
et Heo6X0AMMO OYHWATL OT BCeX mpHMeceil.

Bce 3Tn coobpaxeHus OblAH yuTeHbt §NPH KOHCTPY-
upoBanuu npubopa. cxema KOTOPOro mpeacTaB.Iena Ha
pic. 1. On COCTOMT U3 ABYX CTEKJIAHHBIX TO.JACTOCTEN-
HBIX KANWIAapoBa H b ¢ aHaMeTpOM orsepcTHs 0,7 My,
NepeXOAAIMX BHH3Y B TOHKOCTEHHBIE WAPHKH € H d
zuamerpom 10 mM. Beepxy K 3THM Kanu1ispaM npuna-
uBancs Macasublit  aunddepennnaabublii  ManoMetp M,
KOTOPHIM ONPEIEJAJAch PA3HOCTh  VAPYTOCTelt  napa
M Ay PacTBOPOM i He'. Bakyymmble kpanst S, Sy
Sy n S; no3BOJAMH NPOH3BOAHTbL KOHAEHCAUHIO CMECH
B 0AHOM mapuxe, a He'—s apyrom, oTcoe iMHATh Ha Bpe-
M5l KOH/eHCAUHH MAaHOMETP OT WAPHKOB H NPHCOCIHNISATh
ero K HHM DoOcCjie Okonuyauna KonaeHcaudn. Kpam Ss
CAYXHA A48 cOeXuHCHHA 06eHX 4YacTel MaHOMeTpa, 4TO
obaeruaso oTkauky npubopa nepej onbiToM. B xaxaom
H3 LIAPUKOB NOMeWIaTach OueHb JerKas ieaesian BEP~  puc. 1. Npubop a1
TYIIKA, KOTOPas NPHBOAN.JACh B KO01e6aTeIbHOC ABH-  y3mepennss ynpyro-
MelHe NPH  BEPTHKAJBHOM INEpPEeMEIUEHH] NOCTOAHHOTO  cTH napa pacTBO-
saruuta N, TTocaeanee ocywecTs .10k NPH NOMOILH pos He® 5 He?
KPHBOLIHNA A, BPALAEMOTO 3JEKTPOMOTOPOM CO CKOPO-
cThio 12 06 /yun, Bee 3170 veTpolicTBO NpeasHayatoch A5 nepeMennBa-
HHA HHAKOCTIL BO BPEeMs ONLITA, YeM JOCTHTAJI0CH OBICTPOE YCTAHOB.IEHIE
PABUOBCCH MEXKAY HAPOM I KiAKocThio. Hixiuan yacty npudopa aas 3a-
IHTH OT TCIAOH3Ayuenus OLIa OKPYXKeHna MeIHBIM 3KpaioM P, B KOTOpOM
HMCAHCH JIBe V3KHe IMeJaH L1 1a0.110JeHNsl 3a YPOBHEM TeJHs B IIapH-
kax ¢ nd. '

Ounit peacs cacaylouny obpazonm. Ilocae TwarteabHoil OTKAuKH DPH-
G0OpA  3aKPHIBATHCH BCC Kpanpl, H AbIOAp 3aNOJHAICH KHAKHM TelaHeM.
3aTeM TCMICPATYPA KILIKOFO TeIla NOHIKAJach OTKAaukofi Ao ~ 1.35°K,
" I]p(}l‘lHB(),'UI.'IﬂCb Kouacncaunsd Het! B 01HOM mapm\'e H CMCCHB ,lpyl‘OM.
[IpeaBaputeanno ofa ra3a HPOXOIILTH UePe3d 3MEeBHKH, OXIaX 1eHHble
KIIKHM  BOJAOPOIOM, a4 CMECh UPUXOIIL CHle 1ONOIHITEIbHO uepes
3MECBHK, HOTPYXCHUDIT B KILIKHIL Teanil, NMCBUItli TeMneparypy 4,2°K.
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OTUYCTINBO BILTHO U3 pHC. 6. ua KOTOPOM H3OOPKEHA 2aBHCHMOCTL TeMIe-
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Ha pies 7o 8 npeaeranacin n3otepunt 1asaenvs napa pacTBoOpon Kax
Pyt cocrana KUAKOI Pasn, nOAVUCHNME B3 IPe by LU KPHBIMY,
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111, V. uRK
(Reported by 5. N. YESEL'sON)

The vapour pressure of solutions of He3 in Hed i3 measuyed in
conditions, guaranteeinz satsblishment of an eguilibeium between the ligquid
and the vapour, The data, ohtained for solutions of 0,49; 1,004 2,404
4235 5.18 and 8.087 HeJ, permit a conolumten £ be made about the unideal
behavicur of such solutiona,

1s Intreduction

Together with the other properties of sclutions of He in Heb, the
relation betwsen the vapour pressure of such solutions and the compositien
of the liquid and gsseous phases 18 of interest, The existance of muoh
data would allow of the conatruction of & dlagram of state of the aystem
tied - Hek, the krowledge of whish is esseatial for improving the teohnique
of separating the helium isotopes (1), soresver s diagram of state of the
system Hed « Hel, from the point of view of a gonaral study of solutions of
two isotopes, is of real interest,

4 series of works (2-12) 3ea) with the measurement of the vasour
pressure of solutions of He? in Ne* and the detereination of the coeffictent
of &latribution of fis? between the 1iquid snd the yapour, fowever up #4511
the present there is still no relisble data relating sither to vapour
preasure or the anefficient of distribution, Thig is expleined by the fact
that in the sajority of experiments aonnsated with the measurement of the
vapour pressure of solutions, a snsll quantity of the mixture was used, and
alse there was no certainty that the gonoentration of Hel in the ligquid was
equal to that in the uncondensed gas, Apart from thie, the establishment
of an equilibriun betwesn the vapour snd the liquid was not controlled in
ay experiment, nor were any measures taken for a quick establishment of
this equilibrium, Finally, msasurements of vapour pressure in the Maly
sphere, spparently, are always disturbed because of the effeot of the film,
with which these disturbances can be particulerly large, if the
sormesponding precautionary ssasures are not taken, As & vesult of this
the data obtained up t111 the prosant both in the 1%486&661?% that
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“atbers are no boiteyr &8 vegarde the semsurssent of the goefficient of
Aimtribution, Attempts to deterwine this by seans of seleotion and analysis
af sarples of vapour wevs unsugoessful,  The basio dirfisulty, widoh mst
Y gveromie hore 18 Lhat in the Nell reglen, the wapour sample, in spite of
a numbar of preceutions, appears as Jveai/ Mol due to the tranaport of Hell
alunz the £ilm. Above the \ point the dats absained are woarcely reliable,
sinoe in selsotins the ssxple the presence of an egulilibrium, helwssn the
1iquil and vapour, which in this rangs of temperatures is astablichsd slowly,
was not conirolled.

e ot the present there is still insufficiently relisble data from

us7 #hich to draw a diagrem of state of the system fle? - He%, For this reasen
new oxporiments were made to measure the Vepour pressgure of #outions the

rosul te of whioch are given in this paper,

seamsure of solations of Hed in Meh is posaible only if certain precautions
are observed, 4 sirict oonstanay of temperature and ihe establishment of
an eguiiibrium Letween thoe vapour and 1iquid ave sasential, ioreover, in
erdar that e conoentration of HeJ in the liquid can be considered equal

%o the coneentration of HeJ in the wncondensed ges, it is ossantial ® uve o8
large a guantity of liguid as possible, and %o reducs the volume of the
sapeous phase to a minimus, Finally belew the \ poiat a significant part
can b8 played by the effect of aveep of the Hell film, its evaporation and
the subseqiont oondensation of the gas, the ineweased presaure, avising on
moondensation, is related %o the spesd of tranafer of the liguld holium
hpoah the film, and this speed inereassd significantly if the sides of the
agparatus are covered by A layer of solid ispurittes (13) g.e, 1f the
trourities 4n the helius have sondensed. Thus 1t is angential %o fres the
gae Feom all impuritiee befove sondensation,

411 thase sonsiderations ware talen into sooount in constructing the
aparatus, the srvangswent of which is shown in Fige e It oonclats of wm
thiok elded glass ospillavies & and b with bore Jlametor 3,7 sm, connected
4t the bottom with two thin sided bulbs o and & 10 wa in diameter, 7o the
tap of these capllleries s differsntial oil manoucter was fixed with whieh
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we determined the difference of vapour pressure stween the golution and
tieh,  The vasuum taps &, &, Sy sad 5, allowed us to carry out condensatior
8i' the mixturs in one bulb and He® ~ in the other, and to disconnsot the
wanometer from the bulbe during condensation and to connest 1t %o them after
aaepletion of condensation, The tap $5 parved o conreat bBoth cards of the
msnoneter together which facilitated the evamuation of the lastrisent before
the experiment, In eagh of ths bLalbs we placed & very lighd irun atirrer,
whleh wan given an oselllading motion by vertioal movesent of the permansnt
magoet H.  The latier was socomplished with the aid of & evank X turned hy
an eleotric sotor with a speed of 12 reve/min, All this equipment wes
designed Tor agltating the liguld daring the test, by whioh a quick
asteblishmant of an equilibrium batween the liquid and vapour was sohlieved,
s lower part of the spparatus was proteoted from heat irradlation by
surpounding it with & copper sorsen, in whioh thome were two narrow slots
for obsarving the lovel of helium in the bulbs ¢ and 4.

e exporimental praocdure was as follows, After careful evasuation
of the apparatus all taps wers closed and the Dewar was filled with liquid
haliom, Then the temperature of the liguid halium was lownred by
evacuation to ~ 1,33°K, and condensation of He® in one bulb and the mixture
in the other fook plave. Previously both gases were passed thyough spirel
tubes eoolsd by liquid hydrogen, snd the mixture was further passed through
a spiral tubs, immersed in ligaid helium having a temperature of L.2°X,

As 8 resalt of suoh precedure all impurities froze in the spiral tubes and
both zases entered the apparatus completely pure, In each of the bulbs
sbout 400 aw’ of a8 wWas condensed, so that they were almost completely
filled with liquid,

After goupletion of condensation the manowster was connsoted with the
builbs and when eguilibrium was attained detween the vapour and liquid the
MITerence of halzhts of the levels of the oll in them, corresponding %o the
difference of vapour preasure (A7) of the solution and Fe®, waz meamured
with the aid of s catlwtometer. Ihe spproach to equilibriux between the
1iguid and vapour was dstermined by the cunstanoy of AP ower a period of
time, fquilibrium was indicated below the \-point after a period of
3«4 mine, even without agliation of the Jiquids In the Hel zone

equilibrium without agitation was established after a time measured in hours,
Approved For Release 2000/08/29 : CIA-RDP78-04861A000400020011-6
jout



Approved For Release 2000/08/2&+ CIA-RDP78-04861A000400020011-6

but with agltation after 1015 mins, From this 4% is obvicus that such
sxitation, used normally in experiments with solutions, is aleo very
easontial in work with solutions of He’ in He®, though ssveral authors
aonsider this Wnneoesaary,

darming the helium in the Dewar with the aid of the heater { made it
sonsible o find the relasion of [T to temperature, Onmaching the desired
temperature the pressure in the Dewar was agsin kept constant, An analogous
ralotion was deterwined after this during lowering of the temperature,

he spparatus was tested during conlensation of Hels in both bulbs,
vope AP was pore above or below the N -point whether the liquid was
aritated or mot, 4n snalogous result was oblained with a atirror in one
bulb only. From this it followed that, the heat, given off during
oscillation of the atirrers, is so s=all that it does not noticeahly affeut
the sessured AP. A8 the voluse of the instrument was suall (sbout 5 owd),
then ths errors arising from condensation of not less than a fixed quantity
af the sixture due to impoverissent of the solution through transfer of part
of He® to the gasgous phase, were mt great, The latter was speolially
determined by studying the relation of 47 to the guantity of the sondensed
mi-ture, when &t all tezperaturos, down to 3.2°K, 1t ws less than the
noroally condensed 400 ads ‘z

4ith the ald of the apparatus desaribed we determined the rolation of
0P to temperaturs for sclutions with aontent of Cek93 1,005 2.40; 423}
5.18 and 8,087 He3, The results obtained sre shown in Figs, 2-5, whilst
on the ssme figures the oaloulated relation of 07 to temperature, resuliing
from the assumption of the ideainess of solutions of fie” &n m‘*, {8 shown
by & dotted lne, In this case ws have
G I (1
where C. is the concentration of Hed in the liquid end (i« . are the
vagour presmures of pure He® and He yespsotively, For solutions with the
siven content of He’, as oan be seen from Fig. 2-3, 0F incressssas the
semperature inovesses whilst at the )\ -point for He'* ene cbserves a change of
/eign

1 e thank 9, A, THIGIMAG for his help in the eyeotion of the apparatus
Approved FOrRTeENE 20 COAMIFPI™A _RDP78-04861A000400020011-6



Approved For Release 2000/08/29% CIA-RDP78-04861A000400020011-6

sign of the curve and & repid inocrease of AP, The experimental points on
all curves wers ouiained as & resull of going through every tesperature
interval both up and down, [he laok of Rystercois sgsin supports the faot
Lisat in She mum of all expsriments an equilibrium existed bdetwesn the
V74 wapour and the Hquide Ones attentlon is atiracted by the fact that there
nre wositive and negative deviations of the curve of vapour pressure from
the eorrssponding surve for aun idssl solution, whilst the temperature ai
which the experimental ourve arossas the curve for an ideal soluiion changes
regularly with the concentration, This ia clearly sesn fyom #ig. 6 on which
e reladion of the tempereiture of orossing fo the eonsentration ie s hown,
the vertisal lines show the errors in determining the tsuperatures of
aroasing the curves, being the meault of errers in dstoruining the
conosntration of Ted in the uncondonsed gas,
#igu, 7 snd B give the isotherns of vapour preasure of solutions, as s
function of the compomition of the ligquid phase, obtalned frem the foregeing.
Vi7%74 As before the smalogous relation for ideal solutions is shown in beoken lines,
‘hs positive and negative deviations from ourves for an ideal solution
mnbloned sbove can be olearly seen heve,

he pesults obtained make it possible to gonclude that solutions of HeJd
in He®* are not idesl sslutisns eithor below or above the (\-y&tnt. Rowsver
the followlng should be borme in mind, HNormally by an idsal solution one

Vi 54 meens & system for which sdditivity of thermpdynamic values takes place
(with errors not exoseding the entropy of displacement) nmselys
£ = E, r £
w = W, + W,
S = S +S, +NALN NAAN -~ - ()
J - ﬁcp +N4ul._'V .,/VA/LN,_

where E, 4, S and ¢ are energy, hoat funotion, entropy and thermodynsaio
rotential of the mixture respeetively, N is the total numbez of particles
in the mixture; the same valuss with suffixes 1 and 2 refer v the
souponents of the mixture,

the physical resson leading to thic is the sypposed equivalence of
resetion betwsen different and 1dentical partioles in the senpe fthnt the

displacessnt of the partioles in the solution does not changs tho energy
Approved For Release 2000/08/29 : CIA-RDP78-04861A000400020011-6
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and VENAY follow from the expressions (2__J. Por isotopes, as iz woll kv,
from the atated ssmmeptions in the olascic spproximation it follows that
the vapour pressures of these isotopes will mot aiffer ('4),  However in
saleulatine quamtue sffects vith accursay to Serus in h? thers follows a
variation in the vapour pressure for imctopes, whilst the relationships (2),
axprensing the proportics of ideal sulutions, continne to remaln acourate,
In accurate oslonlations (1.e. with oaloulation of the terms beyond b in the
exphnaion) the isotope solution i3 not idesl in ths merse of fulfilling the
ariginal expreseion {2), In partioular, the lews of RACULT and VENEY need
mt he fulfilled for it,

hug, 4f ons takes the expression (2) es dstermining the idsalness of

- solutions, then sven if the sssumption of the eguality o ensrgy interchange

betweon unlike and like particles is true the solution will mot be ideal in
the vegion of powerful guantum effects,

e exporizental data obtained are escparsd in practice with the data
fer 1denl solutiens (1), The observed deviations fyem this idealnses ave
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2. It is shown that those solutions are not ideal either above or below
the )\~ polnt,
3. It wes found that for molutions of Hed in Me* thore are positive and
negative devistions of the swrve for vepour presmire Nve the sw ourve fop
an il sclation,

In gonolusion I express sy ¥hanks to B, G, LAZANEY and N, Yo. ALEKSEYRVEKY
for valusble advice, and %o I. ¥. LIPSIITS and Ye, 8, BOROVIX for reviewing
the results obinined,

Physioo-Tsah Inad, Sulnnd. Sted
Ao of S Ukr, B3R, 10 Ootober 1953,
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ipparatus for measuring vapour pressure of solutions of ted in Heh,
Reletion of 00 (mm. meroury oolum) to tempsrature for sclutious
with 0,49, 1,00 and 2.407 concentration of He?,

Ditto concantration of e’ k235

Mtte consentration of Hed 5,18%,

Ditte conuentration of He’ 8,08%

Halation of tenperaturs of intorseotion of sxporimental and fdsal
eurves to concentration of Hed in molutieom.

Isotheyws of wapour pressure of solutiens of Tel in Hed as a Amction
of the cemposition of the liquid phase. 1 ~ 2,80°% 2 - 2,90°;

3 - 3,000 &4 -390 5« 3.20°K

Dhtto 1 = 1.35% 2 - 1,70° 3 - 1,90% &« 2,000 5 -2.,40%
6 = 2,200 T = 2,300 B = 2,400 9= 2,50 102,60

14 = 2,70°K,
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